Abstract
Introduction
Projects are a normal component of the final year of undergraduate biological science degrees in the UK (Quality Assurance Agency for Higher Education, 2000a, b) . Such projects have typically been laboratory-based where the students work alongside researchers. They aim to develop further the students' knowledge of the scientific method, to give them an appreciation of real research, an opportunity to work on a topic that is individual to them or in a small team and to develop many transferable skills (Boud et al., 1986) . Typically students have to produce a final report, which as well as developing skills in report writing, is used as a method of assessment.
There are a number of pressures for change. The student:staff ratio has increased nationally in Biological Sciences over recent years. For example, it was approximately 10.3 in the Other Biological Sciences category in 1989/90 (Committee of Vice-Chancellors and College Principals and University Funding Council, 1991) but had increased to 14.5 in the Biological Sciences cost centre in 2001 /2 (Higher Education Statistical Agency, 2003 . Also, the funding per student has fallen from ~£5950 prices) in 1993 /4 to ~£5615 in 2003 (Statutory Instrument, 1993 Higher Education Funding Council for England, 2003) . Therefore, there has been pressure to develop less staff and cost intensive projects. There has been recognition that an increasing proportion of biological science students will not follow a career in laboratory science but will use their degrees in more diverse ways (Fantom, 2003) . Consequently not all students have a strong desire to do a laboratorybased project.
There have also been opportunities created by the development of computer technologies. Such technologies are now an integral part of teaching and learning materials (Hughes, 2003) . Many staff have been involved in projects such as the Fund for the Development of Teaching and Learning, and the Teaching and Learning Technology Programme (FDTL and TLTP Co-ordination Team, 2000) and have learnt the benefits and pitfalls of such technologies when applied to their subjects. The development of the graphical web interface (Berners-Lee, 1999 ) has lead to new possibilities of delivery of teaching materials.
There have been brief reports on electronic-based student projects (Richardson et al., 1996; Sieber, 2003) . Reported here are the results of 11 year's experience of the supervision of web-based projects for final year undergraduate students in a large Faculty of Life Sciences. In addition, the process is shown for one student (L.T.). Such projects have been a valuable addition to the variety of projects on offer and have provided some useful additional teaching materials. Preliminary results were presented at the International Union of Pharmacology conference 2002 (Hollingsworth et al., 2002) .
Methods

Overall process
In the Faculty of Life Sciences, Manchester University, staff were asked to identify 3-4 project topics each year, which could be web-based as well as laboratory-based. Students were invited to nominate their project choices in rank order and selection was based on the best fit between student preferences and project availability. Students were informed of their projects and supervisors in early October and projects ran from mid November to Easter at the rate of two full days a week.
A key element in the running of web-based projects was to provide technical support. Although many students in more recent years had good general computing skills, few had any experience of web authoring. Similarly few staff had skills in web authoring or a desire to learn. Consequently a series of web project support workshops were offered. These workshops soon developed a broader remit (Table 1) . Students, and staff, needed advice on how to apply the scientific method to web-based projects as it was made clear that such projects were to be scientifically equivalent to laboratory-based projects.
Students were encouraged to develop a clear set of aims or, even better, an hypothesis that could be tested. Advice was offered on how to identify the needs of the target audiences for the web sites and subsequently how to assess whether such needs had been met. Technical support from an information technology specialist was provided both by formal classes and one-to-one assistance. In recent years a small micro-computer laboratory has been dedicated to use by such students in addition to the usual computer clusters. It contains 8PCs equipped with standard Microsoft Office software, plus Front Page Express, MacroMedia Studio (containing Dreamweaver, Fireworks, Flash and Freehand), Illuminatus Opus, Paint Shop Pro and Hot Potato. Students would meet every few weeks and give short presentations of work in progress with questions and answers to deepen thinking. Students had to write reports identical in style to those for laboratory-based projects. Students were assessed on the basis of performance during the project (20%), a mark given just by the supervisor, and on their project report (80%), marked by the supervisor and a second marker. The criteria for assessment (Table 2) were adapted from the criteria used for laboratory-based projects, but only slightly. Comparison of marks between students who did web-based and laboratorybased projects was done by the Student's t-test. All completed web sites are accessible via the Faculty intranet to all staff and students conducting webbased projects. Staff can link specific web sites to teaching units and, if of sufficient quality, can ask for them to be available via the internet. 
Individual project
This project was conducted as part of the final year of the BSc Pharmacology programme of Lucy Thomas in the 2000/1 session. The web site topic "Drugs and the Autonomic Nervous System" was produced in collaboration with Aquinas 6 th form college, Stockport. It was aimed at upper 6 th form students, mainly 16-18 year old students, doing the Assessment and Qualifications Alliance (AQA) syllabus B for Advanced level biology as well as for Life Science students undertaking the first level pharmacology unit at Manchester University. The literature relating to the scientific topic as well as the use of computer-based learning (CAL) and web sites as a teaching and learning aid was reviewed. Several computer-aided learning programs were assessed for the features that made them good or poor teaching aids. The computing skills and the teaching needs of the two target audiences were assessed by paper questionnaire (Fig. 1 ). This questionnaire was conducted among A-level students who would do the web site later in their course. The undergraduate students surveyed by email were second year students who had undertaken the pharmacology unit the previous session. The web site was designed using Front Page and Front Page Express. The final web site was evaluated by the two target audiences. A-level students were questioned by means of a paper-based questionnaire during a class session (Fig. 2a) . University students were asked for their opinions by means of an on-line questionnaire that was part of the web site (Fig. 2b) . As the questionnaires used questions of the Yes/No format or asked for answers on a 1-5 ordinal scale, analysis was by means of the χ 2 -test or Mann Whitney U-test respectively using SPSS version 9.0.
Questionnaire for A-level students
A. How often do you use the school, or a personal computer, for educational and leisure purposes? Please tick one option from each column. 
Results
Overall process
Between the 1993/4 and the 2003/4 academic years 316 students had undertaken web-based projects, with the numbers increasing year on year up to 2002/3 (Fig. 3) . Since the 2000/01 academic year approximately 83% of students have done laboratory-based projects and 17% web-based projects. The numbers of supervisors has increased, with some 48 supervisors out of 110 academic staff in the 2002/3 academic year. The majority of web sites have been designed as supplementary resources to teaching conducted by staff, either for Life Science units or for medical and dental students. The topics have varied from anatomy to zoology, from the molecular level to whole man (Table  3 ). In addition, web sites have been aimed at school children aged from 5 to 18. Eighteen of these web sites are available via the internet (Yong, 2004) and are in regular use as teaching resources. Table 3 . Examples of student-authored web sites (Yong, 2004) Figure 4 shows the assessment of web projects in comparison with laboratory-based projects since the 1997/8 academic year, the year from which there were significant numbers. The figure demonstrates the consistency of marking from year to year. In most individual years there was no significant difference in the mean marks for the two categories of projects. However, overall the mean marks for students who did web-based projects was 64.9 ± 0.5 % (n = 284), slightly but significantly (P < 0.01) lower than for students who did laboratory-based projects (66.6 ± 0.6 %, n = 1727; Student's' t-test). 
Individual project
The following features of web sites were identified as enhancing their value as a teaching and learning aid: easy navigation, good use of colour, logical organisation, interactive elements, clear objectives, and content pitched at the correct level for the syllabus. The results of the initial needs evaluation are summarised in Table 4 . The Alevel students had a reasonable level of computer use, as 81% used a computer at least once a week and 94% had looked at teaching web sites or other forms of computer-assisted learning materials. University students were more likely to believe that web sites were educationally useful. Both groups felt they would be useful for clarification of taught material, for additional learning and for revision. Both cohorts considered the following features of importance in a teaching package: pictures and diagrams, syllabus details and quizzes, and felt less strongly about additional learning materials and animations. Apart from syllabus details, there were no significant differences in the scores given by the two groups of students.
As there were two target audiences, it was decided that the web site (Thomas, 2001 ) should be at two levels after a common entry page. The pages aimed at University students had material in common with that of A-level students plus additional material. The topic areas covered were:
-structure and neurotransmitters of the autonomic nervous system -actions of acetylcholine and noradrenaline on the heart, respiratory system and eye -quiz Both groups of students rated the web site highly in terms of clear aims, relevance to course, ease of navigation, colour scheme and fonts, illustrations, information presentation and perceived knowledge gain (Table 5) . They felt that the total and level of information and time required to use the site were about correct. The A-level students felt that they had gained more knowledge by using the site than did the undergraduate students. (3-4) 4 (3-4.5) Relevance to course 4 (3-4) 4. 5 (3.3-5) Ease of navigation 4 (4-5) 4. 5 (4-5) Information presentation 4 (3-5) 4.5 (4-5) Perceived knowledge gain 4 (3-5) 3 (2-3)*
Discussion
Individual project
There should be caution in drawing conclusions from the questionnaires, as although sometimes the numbers of students responding were large, they were generally less than 50% of the cohort. Also, data was not collected in the same manner for all groups. Therefore, conclusions drawn from the data may be biased. Notwithstanding those comments, the features that the students in the two target audiences rated highly in web sites were similar to each other, to those rated highly by the project student and to those recorded in the literature (Abdullah, 1998). These similarities gave confidence when designing the web site. The A-level students rated web sites less useful than did University students. This difference might be explained by the lesser use of such teaching materials by the former group of students. The final web site was rated highly by both cohorts of students and demonstrated that features thought to be important had been incorporated into the site. Although students felt they had gained knowledge, in the time available it was not possible to objectively measure knowledge gain by the students using the web site. However, it would be possible to do such a study (Dewhurst et al., 1994) . The web site is now used as a supplementary resource for both cohorts and is available on the internet (Thomas, 2001) .
Overall process
Several lessons have been learnt from the 11 years of experience, both strengths and weaknesses of the approach. The workshops were an efficient method of providing technical support to large numbers of students (45 in 2003/4). These workshops were the equivalent of the individual technical support that most students receive during laboratory-based projects. They set standards in terms of quality of the scientific method and ensured that topics such as copyright issues and plagiarism were covered. They provided a forum for student-student and student-staff interaction. These workshops have been optional and some numbers of students have not attended. In future it is planned to make some workshop elements compulsory. In addition, students are to be organised into small teams and they will be expected to formally present work in progress to their team and supervisors. The aim is to raise the standards of the scientific methods used, final web site and statistical analysis.
Students have gained knowledge and skills. They have gained knowledge of the topics of their web sites. They have developed many of the same skills as with a traditional laboratory-based project such as the scientific method, time organisation, planning, statistical analysis, report writing and working to deadlines. In addition, they have developed many skills almost unique to this type of project, such as questionnaire design, conducting surveys, communication of science and, of course, have significantly increased their computing skills, in particular web authoring. These skills are very relevant to many careers (Fantom, 2003) and some students have gained employment partly as a consequence of their project. They have obviously failed to develop practical laboratory skills. However, many of these students have not gone on to use such skills in employment.
For staff, web-based projects can be less time-intensive and less costly than laboratory-based projects. The technical support has been provided centrally so removing the need for staff to have web authoring skills. Such projects have had the additional benefits of encouraging staff to think about the teaching they deliver and add variety to their teaching methods. Useful web sites have resulted to enhance the quality of teaching.
Concern has been expressed that such projects do not have the intellectual rigour of traditional laboratory-based projects. In the best of the latter projects, they are student-led where the student erects an hypothesis and he/she devises experiments to test the hypothesis (Beard & Hartley, 1984) . The role of the supervisor is to teach techniques and give guidance. In reality, many laboratory-based projects are more routine. It is difficult to erect hypotheses for web-based projects that can be tested within the time limits of the project. Students can be expected to have clear aims for their web site and their project, and assess whether those aims have been met. Another concern is the superficiality of the science covered by the students doing a web-based project as they are generally aimed at first and second undergraduates or school students. This concern assumes that all laboratorybased projects are at the cutting edge of research, which is often not true, and a minority of students do not do any project in their final year (Quality Assurance Agency for Higher Education, 2000a, b) . To communicate science to school or undergraduate students, the project students do need to understand their topic at a deeper level. In the future that students doing webbased projects will additionally be required to write an in-depth review of the relevant literature.
It has been important to assess students doing web projects by similar criteria to those doing laboratory-based projects. The reason is that laboratory-based projects are considered by most staff as the 'gold' standard against which other projects are judged. The use of similar assessment criteria for web-and laboratory-based projects helps to ensure equal standards. The results (Fig.  4) show that the performance of students doing web-based projects was similar but slightly lower than that for other students. The similarity of performance demonstrates that the criteria are equivalent. The slightly lower performance overall could be for a number of reasons. The first reason could be that students doing web-based projects are less able. The second reason could be that such students do less well in their projects. The third reason could be that staff mark such projects harder. It is not possible to distinguish between these explanations.
In summary, web-based projects are a robust alternative to laboratory-based projects. It is important that they are viewed by staff and students as scientifically equivalent and that technical support is provided. A bonus with such projects is that valuable teaching materials can be developed.
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